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Abstract 
High durability of the steel fiber reinforced concrete is one of the prerequisites for it successful use in road construction. Frost 
resistance of concrete depends on many factors, in particular on the visco-plastic properties of the cement matrix and the 
cement paste porosity. The use of active mineral additives can improve the content of the gel component of the cement paste 
while creating optimal conditions for curing. The assessment the visco-plastic properties of concrete shows that the introduction 
of active mineral additives in optimal hardening conditions increases the plastic properties of the concrete matrix and steel fiber 
concrete that can increase the fracture toughness of the steamed concrete by means of simple technological methods. 
The results of the study of the changes in concrete porosity parameters and steel fiber reinforced concrete during cyclic freezing 
are given. The introduction of dispersed reinforcement improves the pore structure of the concrete matrix. The combination of 
fiber reinforcement with the cement matrix having enhanced crack resistance allows improving the performance of the 
composite material. The efficiency of the active mineral additive, slag, in increasing frost resistance and frost and salt resistance 
of concrete and steel fiber reinforced concrete is shown. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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Perspective area of the use of steel fiber reinforced concrete is its application in the construction of pavements 
operating in harsh environments High frost and frost and salt resistance of concrete are the essential requirements 
when introducing it into the practice of road construction [1-4]. 
Frost resistance of concrete as a composite material depends on many factors, firstly, on the properties of 
cement stone and its ability to glue the aggregates and reduce stress concentrations under cyclic freezing-thawing 
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[5,6]. Steaming and other heat treatments cause ‘coarsening’ of portland stone structure by reducing the plastic 
content of gelled cement hydration products. Introduction of slag into the concrete cement undergoing wet heat 
treatment not only has great economic but also technical meaning.  Portland-slag concrete stone is characterized by 
increased gel content especially intensively produced at an elevated temperature resulting from the interaction of 
glass slag and calcium hydroxide. Assessing the visco-plastic properties of concrete according to the marginal 
measure of creep it can be shown that the introduction of the slag cement increases the plastic properties of 
concrete in 3 ... 4 times which allows increasing the the fracture toughness of steamed concrete by simple 
technological manner. 
Under the influence of wet and heat treatment the capacity of portland stone for plastic deformation deteriorates, 
whereas the use of portland slag cement allows the greatest advantage of the positive effects of steaming on the 
acceleration of concrete hardening without impairing the quality of a cement stone. To evaluate the effect of 
structural features according to the durability of steel fiber reinforced concrete a study of its frost and salt 
resistance were conducted. 
Fibers are introduced into the fragile structure of the cement matrix to improve the impact strength and fracture 
toughness of the composites as a result of the braking process, cracking, and enhancing the tensile strength and 
bending strength. For good effect there is high strength fiber reinforcement in tension. A large value of the ratio of 
fiber modulus to elasticity module of the matrix facilitates voltage transmission from the matrix to the fiber. Fibers 
with a large deformation at fracture composites give a good stretch. The main purpose of fibers dispersed in a 
cement-reinforced composites is viscosity provision, i.e. increase in the energy required for the process of 
breaking. Fibers whose role is to detain the development of cracks or to create a barrier for them to increase 
tortuosity of a burgeoning crack. The dispersion-reinforced composite fibers perform two main functions leading 
to an increase in the energy gap: one is determined by the increased pulling fibers from the matrix, and the other is 
associated with impaired communication between the fibers; these processes which are considered the processes of 
energy dissipation are possible for brittle materials [7, 8]. The effectiveness of fiber reinforcement is essentially 
dependent on the type of matrix and type and quantity of fibers [9-11]. The combination of the concrete matrix 
with high ductility, toughness and steel fibers detaining cracking can significantly improve the performance of the 
material. 
Effect of alternate freezing and thawing of concrete according to change of operational properties was assessed 
for its strength and deformation characteristics. Studies were carried out on concrete prisms of the size of 
10x10x40 cm made of concrete mix with composition of 1.00:1.60:1.96 with a water-cement ratio of 0.50. 
Portland cement without mineral additives M550 of Korkino cement plant (Chelyabinsk region) and slag cement 
prepared by mixing portland cement M550 of Korkino cement plant and ground granulated blast furnace slag of 
Chelyabinsk Metallurgical Plant in the ratio of 1: 1 were used as a binder . 
The use of high-quality fibers often has a decisive influence on the quality reception of fiber-reinforced concrete 
[12-16]. In our experiments for obtaining steel fiber reinforced concrete fiber reinforcement was added into 
concrete mix; it was cut from sheet steel with a coefficient of three-dimensional reinforcement equal to 0,015. 
Fiber parameters were the following: length - 35 mm, section - 0,5x0,5 mm. The samples were subjected to steam 
curing on the mode 2 + 4 + 8 + 2 h at 85°C of isothermal cure after which the samples were hardened to 10 days 
under normal humidity conditions and then for 4 days saturated in a 5 percent solution of sodium chloride. Before 
testing according to strength and deformation the samples were dried. 
Strength and deformation characteristics were determined in concrete not subjected to cyclic freezing and after 
10 and 20 cycles of freezing at -50°C and thawing in a 5-percent solution of sodium chloride. Samples were loaded 
by graded intermittent compression; relative longitudinal and transverse strain, volumetric strain, elastic modulus, 
strength prism were also determined. 
Analysis of the results shows that the use of blended cement concrete increases stand-bone to the effects of the 
environment; speed reduction of compressive strength especially tensile strength in bending decreases. After 20 
cycles of freezing and thawing of the tensile strength at a bend in steel reinforced concrete to slag decreased by 
25% compared to steel reinforced concrete not exposed to corrosive media while fiber-reinforced concrete on 
portland cement – by 38%. 
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Consideration of the dependency of relative longitudinal deformation of voltage levels of compression concrete 
prisms shows that deformations at concrete on portland cement subjected to of frost are significantly lower than 
deformations at concrete on portland cement determined on one level of strain. 
At that the introduction of the dispersed reinforcement of concrete reduces deformations. So, at contractive 
strain with a voltage equal to 0.6 times of the breaking load longitudinal strain of steel reinforced fiber on straight 
cement there was lower deformation of reinforced concrete by 29%, and at using slag portland cement – by 34%. 
Analysis of the dependence of the volume of material deformations on compression loading levels enables to 
note that the three-dimensional deformation of the prisms subjected to cyclical freezing are bigger in the value of 
the corresponding deformation monitoring prisms caused by the same relative compressive stress. 
It is noted that if steel reinforced concrete on various binders not subjected to cyclic freezing changing the 
volume deformations is practically the same they significantly differ after 20 cycles. 
Alternate freezing and thawing in fiber-reinforced concrete on portland slag cement leads to a reduction of 
resistance of material and development of deformations under load volume to a lesser extent compared to fiber 
concrete on straight cement. 
Changing of the nature of the dependence of volumetric strain of concrete compression stresses is caused by the 
accumulation of microfractures and microcavities under cyclic freezing, i.e. degradation of material. Steel 
reinforced concrete on portland cement after 20 cycles of freezing had an upper bound microcracks equal to 0.59, 
and on slag portland cements - 0.81 which also points on high effectiveness of application of slag portland cement 
for fiber concrete. 
Thus, the use of steel fibers in concrete with enhanced ductility using steel reinforced concrete provides a blast-
furnace cement enduring cyclic freezing and thawing without significant damage. 
 The increase in the service life of structures made of concrete is no less important than ensuring durability. The 
most intense destruction of concrete structures as can be observed from multiple studies of various researchers [17-
20] occurs when multiple alternating freezing and thawing of concrete in water-saturated state. The density of the 
cement paste, the qualitative composition of the pro-hydration products, the structure of the pore space, the 
contents of the open capillary pores, and their size have a decisive influence on the frost resistance of concrete. 
In this part of the work we evaluated the effect of slag additive in cement concrete pore structure and steel 
reinforced concrete and their resistance to cyclic freezing and thawing. Slag cement were obtained by mixing 
straight cement M550 of Korkino cement plant and ground furnace granulated slag of MMC. The porosity was 
determined in fine concrete (C:P = 1:2, V/D = 0.52). For steel reinforced concrete added to a mixture of fibers 
from a sheet of steel in an amount of 120 kg per 1 m3 of concrete the fiber parameters were the following: section - 
0.5x0.5 mm, length - 32 mm. Cube samples of 7x7x7 cm after manufacture were subjected to steam curing on the 
mode 2 + 4 + 8 + 2 h at 85°C of isothermal cure after which the samples were hardened to 5 days under normal 
humidity conditions and then for 4 days saturated in water and subjected to frost test. Fine-grained concrete and 
steel reinforced concrete were frozen at -200C. The porosity of the material was evaluated by the kinetics of water 
absorption (method of determination of conditional gradient pore [21] and the method of determining the porosity 
characteristics of All-Russian State Standard 1273042).  
From the results obtained (see. Table 1) for fine-grained concrete on different binders it can be concluded that 
the introduction of slag promotes an open capillary porosity of the material. With the increasing amount of slag the 
content in the binder component of the clinker correspondingly decreases, hence, by reacting with water less 
calcium hydroxide, curing activator of slag, is released. This makes it impossible to bind all of the slag 
components. Excess water which does not enter into chemical reactions contributes to the formation of additional 
volume of open capillary pores. The increase of porosity is mainly determined by the increasing content of fine 
pores. It should be noted that at slag content in the mixture of 50% the volume of the largest capillary pores (1,2,3 
gradients) slightly varies, at the slag content of 80% these volume increases significantly. 
The addition of slag in the amount of 50% provides a uniform structure of the fine-grained cement stone with a 
slight increase in the volume of macropores. 
Determination of porosity by the method of All-Russian State Standard 1273042 (see. Table. 2) confirms the 
above mentioned propositions. Increased slag content of more than 80% leads to a sharp increase in capillary 
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porosity. The average pore size decreasing with the introduction of the slag in an amount up to 50% increases with 
80% of content of the slag. 
Table 1. Dependence of Porosity of Concrete on the Content of Slag in Cement 
Content of 
Slag, % 
Conditional Porosity Gradient 
1 2 3 4 5 6 7 8 9 
0 4.49 2.34 0.96 0.52 0.45 0.34 0.41 0.39 0.87 
30 4.57 2.28 1.13 0.65 0.54 0.41 0.43 0.44 0.88 
50 4.55 2.26 1.27 0.74 0.59 0.41 0.44 0.50 0.93 
80 4.85 2.40 2.05 1.40 1.23 0.94 0.94 0.86 1.07 
 
The strength and durability of concrete with slag binders are substantially dependent on curing conditions and 
operation [22, 23]. Heat and humidity treatment has a positive effect on the rate of chemical reactions between the 
slag particles and calcium hydroxide and promotes the formation of a large number of finely gelled phases which 
has a beneficial effect on ‘self-healing’ of concrete. High gel content increases the ability to ease the internal 
tensile stresses that arise from the hydrostatic pressure, ice crystallization corrosion products within the pores of 
the concrete, i.e. enhances the ability of a material to resist the aggressive action of the environment [24, 25]. The 
optimum amount of slag in portland slag cement is determined by the lowest possible amount of porosity and 
optimum ratio of gel and crystalline phases in the cement stone that allows you to create a structure with a high 
fracture toughness. 
Table 2. Changing of the Porosity of Concrete under Cyclic Freezing 
No. of 
Cycles 
Porosity Index Content of Slag, % 
0 30 50 80 
C SRC C SRC C SRC B SRC 
0 Index of pore size uniformity  0.62 0.63 0.63 0.63 0.64 0.66 0.47 0.46 
Index of pore average size  1.78 1.76 1.37 1.24 1.20 1.02 1.92 1.87 
Open capillary porosity, % 23.2 22.9 25.2 24.8 26.0 26.2 28.7 28.3 
100 Index of pore size uniformity  0.49 0.51 0.55 0.54 0.55 0.55 0.44 0.43 
Index of pore average size  5.98 4.69 4.81 3.38 3.74 2.63 6.29 6.37 
Open capillary porosity, % 30.5 29.5 29.8 28.2 28.8 27.0 32.9 30.6 
 
One of the effective ways to improve the strength and durability of material to cracking including the freezing 
of aggression is the introduction of fiber reinforcement. The ability of fibers to contain burgeoning micro-cracks 
and prevent the appearance of additional porosity was studied on fine-grained concrete which has different ability 
to stress relaxation and fracture toughness. This was accomplished by introducing different amounts of slag 
additive into the cementitious composition of steel reinforced concrete (see. Table 2). It should be noted that the 
introduction of the dispersed reinforcement improves the pore structure of the concrete matrix and results in lower 
permeability. From the results obtained (see. Table 2) it is shown that in all cases the use of fiber reduces the 
magnitude of the average pore size and fine concrete improves uniformity of pore sizes. Influence of dispersed 
reinforcement on the volume of open capillary pores in the concrete is not exposed to corrosive media is clearly 
not observed. After 100 cycles of freezing at a temperature of -200C and thawing in water the regularity previously 
observed for the average size and uniformity has been preserved for all investigated concrete formulations. The 
most frost-resistant concrete proved to be steel reinforced concrete on portland slag cement containing 50% of 
slag. This is confirmed by comparing the values of an open capillary porosity materials with different content of 
slag. Analysis of the results shows the beneficial effect of fiber reinforcement in the concrete on the durability of 
fine slag. 
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